A prospective alternate-day controlled trial ofprehospital transcutaneous cardiac pacing (PACE) of hemodynamically significant bradycardia and asystole was undertaken. All patients had a Glasgow coma scale score of 12 or less. Patients in the control group (n = 101) received standard advanced cardiac life support (ACLS) care. Patients in the pacing group (n = 101) were to receive PACE in addition to standard ACLS treatment; 89 patients were actually paced. The two groups were comparable in terms of age, sex, presenting rhythm, and mean times to cardiopulmonary resuscitation (CPR) and ACLS. For the 144 patients in whom the time of arrest could be estimated, the mean times to CPR and ACLS were 5.3 4.0 and 10.9 + 7.1 min, respectively. For the 65 paced patients in whom the time of arrest could be estimated, the mean time from arrest to pacing was 21.8 + 8.8 min (range 2 to 43). Multivariate analysis ofoutcome variables (presentation to emergency department with a pulse, admission to the hospital, and discharge from the hospital) revealed that an initial rhythm of ventricular tachycardia or fibrillation and a short time to ACLS were correlated with a favorable outcome (p<.05; logistic regression analysis). A short time to PACE was associated with admission to the hospital (p= .20; logistic regression analysis). The use of a stand-alone transcutaneous pacing device in the prehospital arrest setting was associated with generally long times until pacing and did not appreciably improve outcome. Use of PACE in patients demonstrating prehospital bradycardia without neurologic impairment remains to be evaluated.
ALTHOUGH the institution of advanced cardiac life support (ACLS) by paramedics has been shown to significantly improve survival in patients with ventricular fibrillation, the survival rate for patients with prehospital bradyasystolic cardiac arrest has been dismal with conventional pharmacologic therapy. 1, 2 Transcutaneous cardiac pacing (PACE, also known as external or "noninvasive" pacing) provides a means of electrically pacing the heart in clinical situations not currently amenable to transvenous or transthoracic (transmyocardial) pacing. One such instance is when a patient is being treated and transported to the hospital by paramedics. Jaggarao et al. 3 reported long-term survival with PACE in patients with hemodynamically inadequate bradycardiac rhythms after defibrillation. While these results are encouraging, they must be viewed cautiously since only a small group of patients was treated and a control group of patients receiving only conventional pharmacologic therapy was not included.
Paris et al. reported the use of PACE in 112 prehospital patients found either in asystole, pulseless idioventricular rhythm, or complete heart block. Although the pacemaker was used "as soon as possible," the mean delay to its application was 29 min. Furthermore, they did not use the pacemaker for patients with complete heart block until all pharmacologic means of therapy had been exhausted. Paris et al. achieved electrical capture in 52% and mechanical capture in 18% of patients found in bradyasystolic arrest. Interestingly, mechanical capture was not observed in any of the patients in complete heart block. These authors did not report any long-term survivors.
Eitel et al.5 reported a series of 91 patients in cardiac arrest who received prehospital PACE. The mean delay from onset of arrest to pacing was 24 min in their series. 6 7 The hemodynamic response to PACE will largely depend on the remaining contractility of the myocardium and the patient's vascular tone. Ultimate survival will depend on the extent of cardiac injury and the degree of damage to other organs (in particular the brain) as a result of the ischemic insult. Treatment of hemodynamically inadequate bradycardiac rhythms early before irreversible ischemia occurs should maximize long-term functional survival. 8 9 The limitations and potential detrimental effects (for example, increased myocardial oxygen demand, arrhythmias) of current pharmacologic ther- ±7.0 ±9.0 NSR/SVR refers to normal sinus or other supraventricular rhythm upon presentation, HB to third-degree heart block with narrow complexes, IVR to broad idioventricular bradycardiac rhythms, and VT/VF to either ventricular tachycardia or ventricular fibrillation upon presentation. CPR refers to estimated time from arrest until CPR was initiated, ACLS to time from arrest until ACLS was instituted by paramedics, EPI/ATR to time from arrest until epinephrine or atropine was administered, BICARB to time from arrest until sodium bicarbonate was administered, and PACEABLE to time from arrest until a potentially paceable rhythm was noted.
Ap< .05 for comparison of mean times between treatment groups. Times for patients with an initial rhythm other than VF/VT vs an initial rhythm of VF/VT are compared: Ap < .05; Bp < .01; Cp < .001 for comparison of mean times between rhythm groups. apy for bradyasystole suggest that early intervention by use of PACE will benefit patient care. This prospective alternate-day study evaluated the merit of adding PACE to the therapeutic armamentarium of the paramedic. We evaluated the feasibility of providing cardiac pacing for bradyasystolic rhythms after prehospital cardiac arrest with a stand-alone transcutaneous pacemaker. We postulated that early prehospital pacing of bradyasystole would improve clinical outcome over conventional drug therapy in these patients.
Methods
Prehospital care system. The Thurston County Medic One System is a county-wide emergency medical services (EMS) system with central dispatching and "911" phone access that has been in operation since 1974. Three paramedic vans staffed by two paramedics each are based in the urban areas of the county and support first-responder emergency medical technicians throughout the county. 10 Seven paramedics are employed by each paramedic unit and generally rotate on a 24 hr on-duty and 48 hr off-duty basis.
All paramedics are capable of endotracheal intubation, intravenous cannulation, application of pneumatic antishock garments, defibrillation/cardioversion, and administration of cardiac medications. Standing orders permit performance of the above procedures before contact of the emergency physician at the base station hospital.
Cardiac resuscitation statistics for the EMS system are similar to those published for other systems. For example, from 1982 to 1984 the paramedics responded to 277 cardiac arrests. Of the 151 patients presenting with ventricular fibrillation or ventricular tachycardia, 23.8% survived to hospital discharge. Of the 126 patients presenting with bradyasystolic rhythms, 4.0% survived to hospital discharge. For the survivors, the mean times to cardiopulmonary resuscitation (CPR) and arrival of the paramedic were 2.7 and 5.2 min respectively.
Experimental design. Patient enrollment and therapy followed a protocol approved by the institutional review boards of all participating institutions. All patients over the age of 14 years were eligible for the study if they presented with a hemody-Vol. 76, No. 6, December 1987 namically inadequate rhythm accompanied by a decreased mental status. Bradycardiac rhythms associated with hypotension, diminished capillary refill time, or cool diaphoretic skin were considered hemodynamically inadequate. A decreased mental status was defined as a Glasgow coma scale score of 12 or less.1 Patients with potential hypothermia were excluded from the study.
Treatment ofpatients meeting entry criteria followed standard paramedic protocols. Correction of ventilation abnormalities along with the administration of oxygen was coupled with manual chest compressions when indicated. When maintenance of the airway was precarious with simple airway maneuvers or bag-mask ventilations, endotracheal intubation was performed. When these measures did not restore adequate tissue perfusion, patients were enrolled into the study and assigned to either the pacing or the control group. Assignment to treatment group was made on the basis of even vs odd calendar day occurrence.
On odd calendar days, patients were assigned to the pacing group. This group of patients by design was to have PACE electrodes applied to the anterior and posterior thorax. PACE was initiated at the maximum current output at a rate of 100 beats/min. At the same time an intravenous line was to be placed. When an adequate hemodynamic response was obtained, the pacemaker generator current was adjusted to the threshold current. Mechanical capture was determined by monitoring femoral pulses and peripheral arterial blood pressure. Any resultant patient discomfort noted in response to skeletal muscle contraction could be treated with diazepam intravenously (using 1 to 2 mg increments up to a total of 10 mg for a normal-sized adult).
Should an adequate hemodynamic response not occur with pacing, intravenous drug therapy was used in accordance with standard prehospital care guidelines. Consultation with the base station physician was undertaken at this point. PACE was continued during pharmacologic therapy unless it was deemed to be undesirable.
On even calendar days, the patients were enrolled into the control group. Control patients were managed identically to the pacing group with the exception that they did not receive PACE.
Note that the entry of patients into this study did not require that the patient initially present in a hemodynamically inadequate bradycardia or asystole. A patient was eligible for entry into the study if the entry criteria were met at any time during VT/VF refers to either ventricular tachycardia or ventricular fibrillation upon presentation, IVR to broad idioventricular bradycardiac rhythms, ASYS to flat-line rhythm strips, and Other rhythms to supraventricular bradycardias and third-degree heart block with narrow complexes. Times refer to estimated time from cardiac arrest until noted intervention in the 144 patients for whom an estimate of arrest time could be made. Time to pacing is noted for the subgroup of patients that received cardiac pacing and for whom arrest time was known. the patient's clinical course while he or she was under evaluation by the paramedic. Patients demonstrating a beneficial response to prehospital cardiac pacing continued to receive PACE until the underlying rhythm and associated tissue perfusion improved or until appropriate inpatient evaluation of the patient's pacing requirements could be made.
Resuscitation of patients not responding to ACLS could be terminated in the prehospital setting at the discretion of the base station physician. Termination of resuscitation in the prehospital setting always followed on-line case discussion with the base station physician while resuscitative measures were being continued.
Pacing device. The Trans-Pace transcutaneous cardiac pacemaker (Micromedical Devices, Inc., Englewood, CO) was used during this study. The device is designed to deliver a variable current of 0 to 210 mA across a 50 Q1 impedance with a variable pacing rate from 60 to 300 beats/min. The device uses a pacing impulse width of 20 msec in duration. The device and carrying case used had a combined weight of less than 7 pounds. Standard 8 cm diameter transcutaneous (self-adherent) insulated pacing electrodes were used with the device.
Data collection and analysis. Standard Thurston County
Medic One "run report" forms were coded to maintain patient anonymity. Data obtained from the forms for comparison of the two treatment groups included known prearrest medications, presenting vital signs, and initial Glasgow coma scale score. Prearrest medications were classified as either a diuretic (e.g., hydrochlorothiazide, furosemide), other antihypertensive (including calcium-channel blockers and (3-blocker), antiarrhythmic (e.g., quinidine, procainamide), nitrate, or respiratory medication (e.g., ,3-agonist, theophylline preparation).
Arrest time and times to CPR, ACLS, pacing (and/or first paceable rhythm), and drug administration were estimated from the paramedic run report forms with the assistance of times CIRCULATION recorded by the EMS central dispatch office. Central dispatch times were reviewed and noted by the paramedics after each run. Times were estimated conservatively based on available documentation.
For the purposes of the study any person who was last seen within 10 min of their cardiac arrest was considered to have sustained a "witnessed" cardiac arrest. Patients were grouped for analysis by the "intention to pace" based on calendar day. Chisquare analysis and Student's t test were used to analyze data from the two treatment groups for underlying differences. A p<.05 level was used to determine statistical significance.
Coded data sheets for emergency department and hospital record information were used to assess outcome measures: presentation with a palpable pulse, survival to hospital admission, and survival to hospital discharge. The final diagnoses for patients who were admitted to the hospital was noted for group comparison when available. A univariate analysis using chisquare analysis for discrete variables and the Student's t test for continuous variables was followed by multivariate analysis using logistic regression to assess factors associated with the outcome measures.12 A p<..O5 significance level was used.
Results
A total of 202 patients was enrolled in the study from October 16, 1984, to October 26, 1986. The 59 women and 143 men had a mean age of 67.5+13.2 years (range 27 to 98 years). The majority of patients (71 %) suffered a witnessed arrest. Overall 39 (19.3%) patients presented to the emergency department with palpable pulses, 34 (16.8%) patients were admitted to the hospital, and 10 (5.0%) patients were discharged from the hospital.
There were 101 patients assigned to the control group and 101 patients in the group with intent to pace. Due to the occasional unavailability of pacing electrodes or operator oversight, 12 patients assigned to the pacing group were not paced. Two of these patients had the pacemaker device applied, but pulse and blood pressure returned before the pacemaker was turned on. No patients assigned to the control group were paced in error. The two groups were not significantly different in terms of presenting vital signs or neurologic status. The vast majority of patients were in cardiac arrest on arrival of the paramedic.
The two groups were not significantly different with respect to frequency of presenting rhythms or prearrest medications (table 1) or to times to CPR, ACLS, administration of epinephrine or atropine, administration of sodium bicarbonate, or paceable rhythm for all rhythms (table 2). Mean times from arrest to ACLS and a paceable rhythm were longer for asystolic patients in the group assigned to PACE (p<.05). Patients in the pacing group presenting in third-degree heart block also had longer times until intervention, although the number of such patients was too small to permit statistical analysis. The frequency of final diagnoses (e.g., coronary artery disease, acute myocardial infarc-tion, complete heart block, and respiratory arrest) was not different for the two groups.
In the 65 patients that were paced after a witnessed arrest, differences in time to intervention existed between the patients in ventricular fibrillation or ventricular tachycardia (VF/VT) and those in other rhythms (table 3) . Although the time from ACLS to a paceable rhythm was longer in the VF/VT group due to the need to convert to a paceable rhythm, the VF/VT group had a shorter mean time from when a paceable rhythm was noted until the patient was actually paced (p<.05). Overall the time from cardiac arrest until actual pacing was not significantly different for the two rhythm groups. Outcome measures were not significantly different for the two treatment groups whether analyzed for all patients or for patients suffering witnessed arrest only (table 4) . For the 144 patients for whom an estimate of arrest time could be made, the mean time to CPR was 5.3 + 4.0 min (range 0 to 22 min) and the mean time to ACLS was 10.9+ 7.1 min (range 0 to 35 min). For the 65 patients in the pacing group for whom an estimate of arrest time could be made, the mean time to PACE was 21.8 8.8 min (range 2 to 43 min).
A univariate analysis of factors potentially associated with major outcome measures is shown in table 5. Multivariate analysis identified the following factors as independently correlating with presentation to the emergency department with a palpable pulse: a presenting rhythm of VF/VT, female sex, and a witnessed arrest. No additional benefit from pacing was found. A subsequent multivariate analysis of only those patients who suffered a witnessed arrest revealed that a presenting VF/VT rhythm, female sex, and a relatively short time to ACLS were significant independent variables predicting presentation to the emergency department with a pulse.
The results of multivariate analysis of variables predicting admission to the hospital were the same as for presentation to the emergency department with a pulse. Separate multivariate analysis of the 65 patients that received cardiac pacing and had a witnessed arrest revealed a nonsignificant inverse correlation of time to PACE with admission to the hospital (p = .20).
Multivariate analysis of variables predicting discharge from the hospital indicated that only presentation in VF/VT and a short time to ACLS were important. Neither the intent to pace or the actual time to pacing was a significant variable for the prediction of discharge from the hospital.
The cumulative percentages of patients who received CPR, ACLS, and cardiac pacing as a function of time from arrest are shown in figure 1 for all patients who had a witnessed arrest and were actually paced. Only 10% of these patients had received cardiac pacing within 10 min after cardiac arrest.
Discussion
This controlled prospective prehospital trial of PACE did not identify a significant improvement with respect to either presentation to the emergency department with a pulse, admission to the hospital, or discharge from the hospital with the use of pacing. Controlling for presenting rhythm, witnessed arrest, and patient sex, there was a nonsignificant trend for an increased hospital admission rate (p = .20) when PACE was used early after cardiac arrest.
The delays in initiation of PACE found in this study were multifactorial. The use of the pacemaker in the form of an additional device by the paramedics on alternate days was likely to have inhibited optimally rapid institution of pacing. In addition, the time until pacing included arrest time, during which the patient was occassionally in a nonpaceable rhythm (VT/VF). The requirement that only patients with a Glasgow 1342 coma scale score of 12 or less be entered in the study resulted in exclusion of "prearrest" patients. Parenthetically, the pacemaker was used several times during the study period for more alert patients with good results, but these patients were excluded from the study on the basis of a Glasgow coma scale score of greater than 12. The poor outcome noted for our patients is TABLE 6 Comparison of current and prior prehospital pacing studies BValues reported for current study are for patients with witnessed arrest in pacing group. CIRCULATION m 0 sa similar to that reported elsewhere when pacing has been delayed up to 20 min after cardiac arrest.4 5 13 The delay in the initiation of cardiac pacing in this and other prehospital PACE studies is shown in table 6. Prehospital PACE must be initiated earlier if its potential benefits are to be realized. The use of a stand-alone pacemaker unit to be carried to the arrest site along with other paramedic equipment and drugs is unlikely to provide benefit. As shown in this study, despite rapid arrival of paramedics in the majority of cases, the stand-alone device was not consistently implemented in the time frame that other studies have suggested to be necessary for improved patient survival.8'
More rapid implementation of prehospital PACE might be possible by the use of a combined pacemaker/ defibrillator; such products are commercially available at this time. Finally, there should be consideration of restriction of the use of transcutaneous pacemakers in paramedic vans to the occasional patient who develops a bradycardia with or without hemodynamic deterioration enroute to the hospital. This latter practice would limit pacemaker use to patients with more viable myocardium and minimize problems with the delivery of an additional device to the arrest site.
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